Abstract. The Vector Median M-type L (VMML) -filter to remove impulsive noise from color images and video color sequences is presented. This filter utilizes multichannel image processing by using the vector approach and the Median M-Type L (MML) algorithm. Simulation results indicate that the proposed filter consistently outperforms other color image filters by balancing the tradeoff between noise suppression, detail preservation, and color retention.
Introduction
Many useful techniques of multichannel signal processing based on vector processing have been investigated due to the inherent correlation that exists between the image channels compared to traditional component-wise approaches [1, 2] . Many applications of this technique are color image processing, remote sensing, robot vision, biomedical image processing, and high-definition television (HDTV) [1] . Different filtering techniques have been proposed for color imaging. Particularly, nonlinear filters applied to color images have been designed to preserve edges and details, and remove impulsive noise [1] [2] [3] .
In this paper, we introduce the Vector Median M-Type L (VMML) -filter. This filter utilizes multichannel image processing by using the vector approach [2, 4] , and the Median M-Type L (MML) algorithm [5, 6] . The proposed filter uses the combined RM-estimator [7] into the L-filter [8] by following way. The redescending M-estimator with different influence functions is combined with the R-(median) estimator into the L filtering scheme to obtain sufficient impulsive noise suppression for each channel by using the vector approach. We also introduce the use of an impulsive noise detector [9] to improve the properties of noise suppression and detail preservation in the proposed filtering scheme.
Simulation results have demonstrated that the proposed VMML filter consistently outperforms other color image filters by balancing the tradeoff between noise suppression, detail preservation, and color retention.
Proposed Multichannel MM Filters
The proposed VMML filter employs the L algorithm [8] . The following representation of L filter is often used,
are the weighted coefficients, and ( ) λ h is a probability density function [8] . 
is the influence function.
To improve the robustness of the VL filter, we propose to use the Median M-type estimator [5] [6] [7] ,
where k Y is data sample, ψ is the normalized influence function ψ :
, and N Y is the primary data sample. The Median estimator provides good properties of impulsive noise suppression and the M-estimator uses different influence functions to provide better robustness, for these reasons it can be expected that the properties of combined MM-estimator could be better in comparison with Median and M-estimators [7] .
So, the Vector Median M-type L (VMML) -filter can be written as: influence functions are used in the filtering scheme [7] , (6) where the parameter r is connected with restrictions on the range of ( )
We also propose to enhance the removal ability of VMML filter to involve an impulsive noise detector. The impulsive detector used here is defined as [9] :
where y c is the vector of interest (the central vector in the filtering window), T 1 >0 and T 2 ≥0 are thresholds, and N is the length of the data. The parameters for VMML filter were found after numerous simulations in different test images degraded by impulsive noise. The idea was to find the parameters values when the values of criteria PSNR and MAE would be optimum. In our experiments, a 3x3 sliding window was applied. The parameter of the Andrew's sine influence function is r≤31 and for the impulsive noise detector T 1 =3 and T 2 =0.3·med{Y N }. To compute the weighted coefficients we use the exponential, Laplacian and uniform distribution functions.
Simulation Results
The described VMML filter with the simple cut (S) and Andrew's sine (A) influence functions, the exponential (E), Laplacian (L), and uniform (U) distribution functions and, the impulsive noise detector (D) and without it (ND) has been evaluated, and its performance has been compared with vector median (VM), α-trimmed mean (α-TM), basic vector directional (BVD), generalized vector directional (GVD), adaptive GVD (AGVD), double window GVD (GVD_DW), multiple non-parametric (MAMNFE), vector median M-type K-nearest neighbor (VMMKNN), and fast adaptive similarity VM (FASVM) filters [4, 10, 11, 12] .
The criteria used to compare the restoration performance of various filters were the peak signal-to-noise ratio (PSNR) for evaluation of noise suppression, the mean absolute error (MAE) for quantification of edges and detail preservation, the mean chromaticity error (MCRE) for evaluation of chromaticity retention, and the normalized color difference (NCD) for quantification of color perceptual error [1] [2] [3] [4] 
where
is the mean square error, 
where ( ) ( ) ( ) 
is the norm or magnitude of the uncorrupted original image pixel vector in the L * u * v * space. The 320x320 "Lena" color image was corrupted by 20% of impulsive noise. Table 1 shows that the performance criteria are often better for the proposed VMML filter in comparison when other filters in the most of cases. Figure 1 exhibits the processed images for test image "Lena" explaining the impulsive noise suppression, and presenting the original image "Lena", image corrupted with noise probability occurrence of 20% for each color channel, and exhibiting the filtering results produced by the FASVM, VMMKNN, and the proposed VMML filter. From these results one can see that the proposed VMML filter has a better subjective quality in comparison with VMMKNN and FASVM filters.
We also use one frame of the 176x144 "Miss America" and "Flowers" video color sequences, which were corrupted by 15% and 10% of impulsive noise, respectively. Table 2 shows that the performance criteria in a frame of "Miss America" are often better for the proposed VMML filter in comparison when other filters in the most of cases. Figure 2 exhibits the processed frames for test frame "Miss America" explaining the impulsive noise suppression according with Table 2 . The restored frame with VMML filter has a better subjective quality in comparison with MAMNFE and VMMKNN filters. Figure 3 presents the subjective visual qualities of restored color frame "Flowers". The restored frame with VMML filter appears to have a similar subjective quality in comparison with FASVM and VMMKNN filters that have the better performance among the known color filters. From Tables 1-2 and Figures 1-3 , one can see that the proposed VMML filter provides better noise suppression, detail preservation, and color retention when we use the impulsive noise detector in the most of cases, otherwise the MAE increase but the PSNR decrease. By other hand, the VMML filter has better performance when the impulsive noise percentage is high.
To demonstrate the performance of the proposed filtering scheme we applied it for filtering of Ku Band SAR images, which naturally have speckle noise. The filtering results are presented in Figure 4 for the image "Manzano" (forest near Manzano State Park, New Mexico). It is possible to see analyzing the filtering images that speckle noise can be efficiently suppressed, while the sharpness and fine feature are preserved using the proposed filter.
Conclusions
The proposed VMML filter is able to remove impulsive noise and preserve the edges and details in color imaging. The proposed filter uses the robust RM-estimator and utilizes an impulsive noise detector to provide better noise suppression, detail preservation, and color retention. The VMML filter has demonstrated better quality of image processing, both in visual and analytical sense in comparison with different known color image processing algorithms.
